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(57) Abstract 

PROBLEM TO BE SOLVED: To obtain an 
integrated semiconductor light-emitting device 
capable of emitting lights with different wave 
lengths and forming compactly, by providing a 
plurality types of semiconductor light-emitting 
elements with different light-remitting wave 
lengths on the same substrate. 

SOLUTION: An AlQaAs based semiconductor 
laser LD1 with light-emitting wave length of 700 
nm band and an AIGalnP based semiconductor 
laser with lifjit-emitting wave length of 600 nm 
band are integrated apart on the same n-type 
GaAs substrate. In the semiconductor laser LD1, 
an n-type buffer layer 1 1. an n-type clad layer 
12. an activation layer 13 with a single quantum 
well structure or a multiple quantum well 
structure, a p-type clad layer 14, and a p-type 
gap layer 1 5, are laminated in sequence on the 
substrate L In the semiconductor laser LD2, an 
n-type buffer layer 21, an n-type clad layer 22. 
an activation layer 23 with a sin^e quantum well 
structure or a muHtple quantum well structure, a 
p-type clad layer 24, a p-type intermediate layer 
25, and a p-^pe gap layer, are laminated in 
sequence on the substrate t. 
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(57) [gil^] 

AS6 0 Onm^®AlGa I n P % 
%Wimff' 5 0 0 nm^ffl Z n S e ^ 




1 

tt4 1 igij-r 2) t A^T- ^ 5 J; ? izm&^ i^T in s c: i: 
immss] ±mmmm(D^m{m^m^i±. ai 

GeiAs^^^mm^m^. a l G a I n P ^^1^*^^ 

^M^. 1 1 ^ V imit^^^m^^^mi^^^m'f ifs 

mim<D^^mit9t9(:.m=f-iiA l O a a s ^4ia9ft:^7fe|g 
^*5,il>-A 1 G a I nPSi|i^{*^7t^^T-fe5Ch5: 

[^*JS5] ±iBa««GaAsStST'$>»3, J:i3it 

mtm(D^^mi:^?%t>tm'fltA i g a a s ?fi^^^mvf.^itm 

A 1 G a I nP3^i|ijS!{*;^7fcm?*5it>-I I - V I 

mmo^mm^m'f-itA iGaAs^.^mit-m^m 

AlGal nP3^^j»tt;f67fe»i^iDil>'gfbtll^I 

msum 7 ] ±tmmi s i c^iir-^ s ±sdmwi 
mm<D^mim^m^itA i g a i n ? mmmi$-m^m 
J-. 1 1 - V I mib-^m^^0n^m^^it%^mTifi^v 

[0 0 0 n 

(D # iif*^ ? AS |B] ± tC S h-fe 
[0 0 0 2 ] 

v5';ut:7=':tr Xi- (DVD) i3<}:i>'^fflPiafflfflD 

[ 0 0 0 3 1 '©D VD(ilS5gJgrdfiT-$)5feto. ^CD 
({J!);tlf. 6 5 0 nm) ©A 1 G a I n P^i^i^»^*^- 



( 2 ) 1 1 - 1 8 6 6 5 1 

2 

its 7 8 0 nm) ® A 1 G a A s U-— y^^fflo 
Tll4*iTa3>y^i^ h^'-fP^i' (CD) ^^-T'f;^ 
^ (MD) ^n3^tZZttn'^Ut--:>tz, 

[0 0 0 4] ^zx\ z(D?^m^m^tztzmz^ sy^ 

6 0 0 nm^©A IGa I n Pl^iii#{*;i'-if ii^jfe^ 

SAs? 0 Onm?S®AlGaAs^i|4aSftl^— tf t^Jg 

10 ^ntl^So 
[0 0 0 5] 

[^RBA^PiJtbJ:^ ittSSffl] b*^U^d:;!^^. ±kE® 

i^^f^^'-r >:5:S©7t^t;>i' ^T'y rii. AlGaIn 
p^.j###:b--<ftA IG aAs^^##l^— tfifflr: 

Lfe*5oTDVD^S©-t>--i'X*:^§<^j:oT 

[0 0 0 6] LfeA5-3Ts C:ffli*a^©ifl53{±s DVDffl 

©^te*CD*sJ:t/MDfflfflife*Sf*5!ti-r::fc*s-r#. * 
[0 0 0 7] J; ti-flSSgCii. >I©^B§©gfl<]ii. 3:i> 

[0 0 0 8] 

[0 0 0 9] z(omm\zifi\.^xit. mmffoizit. mmm 

uizm±izmmirzztt^x^z,xoiz>^i&^fixii 

f^^m'J^i:U&hXt/t^WL>)&tZti^X^^i^\Ztji 

[0 0 10] zcommzni^x. itafflMffl*j»{*^7t 
-mm±izBS.»^-^i>ztffix^zm'J. «*fi<jt:{it- 

Al G aAs^^^^mt^^mi-. AlGalnP^^ii 

^axumm^T- 1 1 -v)Kfb-&t)*»ft^*^f*ig 

^t3^^*>^^c5»J; !3^«itife'>Ad:< i:*)r?iM©4^» 

[0 0 11] c£D^gn;j©-r3®i)i}S^fl;j:fe0ij(c*>oT{i. 
ffiffiii G a A s m»Xh *} . ffiM«®i|'-^»(*|6^tlg^ 
5(? it. A IGaA s2^il'-jS(*ie5t^^fc<tZ5A IGa I n- 



3 

[0 0 12] ^cD^BB®fte£Dift^fl<)^c«»Jt::*3V'>Tii. S 

ii, AlGaAs^itta*fr^7t^?v AlGalnPI^ 

^mi^§%^m^ii^vi I -V i^fb^t)4i^fr^ftiti* 
mtif^m^mi^^^tm^im^t^ 1 1 - v i sift^w* 

lttti:bTii. .%f*:65]C(i. Zn. Mgs Cd. Hg^ 
«*Lfc'>^rf< ^*.-a^©V IK5E^^fcJ: fJfil^iE^tL 

[0 0 13] ^©^BB®^te©s%5yfi^;&^lt^^v^-c^±. a 

AlGaAslS^^#;%3t*^s A l G a I nPIS45^^ 

<*^7fe3g^i3J:Df^^bti?si 1 1 -ymit^m^mit.^. 
1 1 1 -vmit-^^^^mit-ttxit. mmKit. g 

a. Al. In:fc'J;VBA»f,^j:SPJ;!93Hitlfe'i>':t< 

ti>-mm(Dl I IRTC^ts 'i>^d:< i: t N^^^s ^ 

o 

[0 0 14] ::t7)^0^CD{1fe©iftM6^^j:{?iJl3:fcl^T{i. S 
[0015] ±m(r)Xdl:imf^^titzZ.0mMl:^X^m 

*afitf^:^^^g{i i^^y r-e^j^Kt-^:: ^^^T^. Ltz 

[0016] 

to 

[0 0 17] miitz(Dmn(Dmi(Dmmmmizxi>m. 
[0 0 1 8] m 1 (vT^•rci:9^c. zcDmKommw^miz 

aAs*tSl±lC. ^*?Sft^7 OOnm^ (m^it. 

7 8 0 nm)(DAlGsiAs S^-^#f* b -+^' L D 1 
:%7fciJ$M«^6 0 0 nmfi^ (f^i|^(i\ 6 5 0 nm) (DA 1 
Gal nP^4jta9ftb^+f LP 2 SU(C^>giLt 



(3 ) ^5B^ 11- 1 8 6 6 5 1 
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{is «^'Jx.(i\ (10 0) ffl:^^^*^^^*)^^)^. { 1 0 

[0 0 19] A 1 G aAs^4^#f*b>-1f LD 1 lZio\.^ 
Tiis nMGa AsSffil ±IC, G a A s 7 t 
HI 1, n^AlGaAs^^^:/ Kg 1 2. f--S^# 

p (SQW) mm^tzitf^mm^n^ (mqw) 

SttJil S. pS^AlGaAs^^'y Kii 1 4^^a:t>'p 

mG aAs^^ ^yrmi si^m/mm^nn^^o pm 

10 AlGaAs^^^y Kill 4 0±a5^^I>'pMG a A s 

^A^^yrm 5:H.c};l^"n^GaAsm^JS^*^ll 6±lc 
lip1Ri!«eil 7 7^5. p^GaAs^-^- 1 5 
^ ^:/^a>^^ b bTH^(t^tlTl>5o p«m®17i: 
bTi*. i?'J;t«T i/P t /AuSS:^^fflV^6n5o 
to 0 2 0] AlGa InPI^^«<*U-ifLD2tlt5 
l^T^i. n^GaAs>1fil±l;:. niMGaAsM-^v7 
tM21. n^A 1 G a I n P^^ F« 2 2. SQW 
1Sig^fc(iMQW^figCD?Sttl2 3. pSyAlGaIn 
P^^^yKS24. p^Ga I nPct^r^ii 2 5:^^J;t>'p 
. ^GaAs^W7'a2 6*?|!i»:«Ji^tlTl^^o p^ 
Al Ga I nP^^ K;i2 4®±Ss pl^GalnP 
*KJ12 5^^<i:t>'pMGaAs^i'>yril2 6(i-:;^fR] 

' - • mWW^^\,Z\tTimG a A s ma^^B 2 7 7b^g$(t tl 

J^? ;< h rm^^cDp^G a A s m 2 6 J:t>*n 

§^GaAsm««^Ji2 7±t::(ip«mia2 8^. p^ 
Ga As.^'^^yrji2 6 \ vt^z^y^^ Y hxm 

tt^tiTU^o pfym*S2 8 fcUT(is 1Mx.«Ti/P 

t /Aumii/?)^ffli^ ^ti^o 

[0 0 2 1 ] n^G aAsS^S I nfiJ^M 2 

9;?)S^ c:©nMGaAs*1Sl i::?J--^ *y ^PVi'^ b 

UTl6^t?>^^Tl^^o ::(Dnffiym«g2 9 i: LTiis 

[0 0 2 2 ] Z(Dm^. A 1 GaAs^.4^^i*l/-+^^L 
4^ D 1 tOpililSlll 7*5J;t>-A 1 G a I nPIF.^^ifiU'- 
tfLD 2C0pffiijmfiS2 8{i. J^^:;>X-i>-<-7.2Q±_\Z 

U\^lzn%m\Z6^%iLfz^^.X%Whflfz\i-Viy>^ 

[ 0 0 2 3 ] x^^(^^o\zm\&-^i\fzzo:>m io^%mm 

1 7hnfl?jmi2i2 9 t0Patm«§:viS1-C:t(Cj^#3Al 

GaA s.^^^llf^lz-^fLD 1 ^mmt 'h Z ht^X ^ . 

p«mffi2 s tnmmm2 9 tcDimzmi&niit z t iz 

ctO AlGa I nPmmiti^-V'L'DZtmmt^Z 
50 tt^X^^^'blZtH'oXl^^o ^LX. AlGaAs^ 
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^^it.Xy-V'LB l^mWjt^:it\zX^'&m7 0 On 
m^it. 7 8 0nm) OX^—^'t/t^M^&tZ.t 
i^^^. AlGa I nP^.*2iftl/-if LD 2*iEi*^ 
5)7^:16 OOnm^ GSOnm) 

AlGaAs^.4^2»ftU-1fLD l^Sgfj-r^/)\ Al 
Ga I iiP^-*^#:U-if LD 2 ^Igi&r ^ 

[0 0 2 4] <JJt::..±acDJ:^lcS6£$tifc:icDm 10 

[0 0 2 5 ] ^T. 112 i::^s"r n^GaAsS 
ffil±tl. Mxf^W^^/Sfb^^^S^:^ (MO CVD) 
mXitS 0 O^'Cm&omMUm'r:. n^Ga 
As>'r^;^7T.H 1 Is nSAl GaAs i^^^;/ Kll 
2. rSttlil3. pMAlGaAs^^>y Klil 4t5J: 
tfpSyGaAs^i-'yT-il 1 5 ^]ii^^:^^^-y-^o 
[0 0 2 6 ] ^Jxi^CVDJStcJ: D pMGaAs 

1 5(D^ffllC^?^Jx.«S i02 M^S iNM^ct 

[0 0 2 7] mz.^ mAizifst-^oxz^ mmms i 

X^tLXm^i^K&\^^:t>:^^:^^>y (RIE) v£ 

ct »9 pMGaAs^Sp-V'^yrg'i 5. pMAlGaAs^ 

^'yKgl4. rSt4ai3. nS^AlGaAsi^^'^y F 
11 2:fDcfcO'n^GaAs^N'^y7TSl 1 

>^l::ct »9SaibfenMG a A sa^tS 1 c7)gIBt;:n^G 
aAs/N'^y 7rH2 1. nMA 1 G a I nP h'fl 
2 2. ?SI4*2 3. p^AlGa InPi^^^.y Kg2 
4. pSGa I nPpff^gZ 5*5J:T>'p^GaAs^^ 

^7 7^112 6 ^5iJR^:l^i^^o 

[0 0 2 9 ] mz. mmm 3 1 * :r ^ > l ti 
fcj:t>'ps?GaAs^^';/ni2 ^(D±mzm±\ts i 

z0mmmi:J^y^>yizxy)pri['^75mz^7i^m 

*e BM * V ;^ ^ h L T X « i ^ X h ^ > y J£ ct 
t)pMAlGaAs^^-yHlil4*>J;t>-p^AlGa 

I nP:^-5' Kif 2 4 O/S^ yifpJO^t^^'CDi^^ ^ -y 
^>yt^Cfct^J;Os 1116 iCTfsTJ^O pSAlG 
a A s ^7 -v K li 1 4 cD±SB*3 ct p M G a A s -y 



(4) m^^l 1- 1 8 6 6 5 1 

6 

pMA 1 Ga I nP^^ >y KIi2 4. pMGaIn 
V^nm2 5*5J;z>*P^GaAs:^'\'^y 7-12 6$:;^ b 

mzn^Q^Asmm%'^mi 2itu^TL^GQi 

A sJi 3 2 ^SIR/jER^-y-Tili^jAtfo 
[0 0 3 0]»:^::. Z0m^m^:^-j^l^ ^W.^Lta 
'ik. pS^GaAs^^^yrJi 1 5. 2 6 J:t>"nM G a 
A s/i 3 4±tz U V^*^7 ^ -^z J: D)ff^:^fp]icMt>*6 

fir^ff^^cDi/vx h^^^-> da^xitr) ^m^t^o 
diK. mtifm^mm^'^:::^^'^^)^^v>^mizx^±m 

IC Tills Pt]li*5J;t>"AuM?:|lB*fl^0E-ri>o 
tLt::ct-)T. mi IZTTs-tXolz^ pffl^eil7v 2 8*5 

[ 0 0 3 1 ] }kiz. msiz^^txoiz. pmmmi 7. 

2 8(DmcoS&^lZ:^{f^nmGaAsm3 4. p^Al 
GaInP^^^yKa24. f£14S 2 3. nSA 1 G a 
20 InP^^'y K]i2 2 *5 J:t5n^G a A s ^'n' 'y 7 2 

[ 0 0 3 2 ]?^:lz. nMGaAsS^R10DSffiiC^^j;t«^ 
K^^»Ji^y^^^'y ^ U>^'^i::J;!9 AuGe/N im 

•So 

[0 0 3 3 ] mz. ±7l(DXdlzLXly~-V'mmtm& 

ttitcnmGaiAsmRi^^^-mzmmLxmm&m 
^m^mmL. ^iizzn^cDiim^Wimm::^-^' 

30 z.mk. z.(DXo\z\^xnii,f\.tiv—^^-jr-^^^v^ 

[0 0 3 4] \^j.±cr>x^iz^. zomKonmwmiz^^ 

*iSM*«f*V-+^'^at::<tti«. ^7feJ^S*>7 0 0 n 
in^(7)A 1 GaA s^^a*^^b-+rLD 1 h^T^v^^:^)^ 
6 0 0 nm^c7)A 1 G a I n P ^^af f* U -tf L D 2 t. 
tmt^z,h\z^^^ DVDffl©l/-if7t^CD^DJ;t>- 
M D ffl CD b -if ^ h * Sl^ D tB -r C h § 

:Z(Ofz^. CtD««3y4^#f*:l/— ifgg^D VD^ 

S^OTt^ tr -y ^ r -y r\z\^-^'itw.h Lxmmt^z. t 

40 \zXb. DVD. CDiocttJ^MD©l>T^xcoSS*>^ctt 
iBi^*) ajee^^^di^o L*^*>. C:n^>©A 1 GaAsI^^ 

^{*b-1f LD liHXnAlQ a I n P ^4^aiffs b --^f 
LJ)2\t. m~OnmGeiAsm}k\±\Z}^m'^fitz'=^ 
m\tm IzX^KiV -1f ISig^^JfJ^ ^ tiT ^ c ^ t:: J; 0 . 

it-^T 7t'-§^ t^' 7 ^7 r -y /J^l^^b5: in ^ d t >b^T t . L 

tzi)^^xDVDfma:^'\ymitim^^ttn'^^o 
[ 0 0 3 5 ] m9{tzommo)m2(DmmK>mizx^m 
50 mm^m{i^\y^^'mm^^-to 
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aAsSSl±(Cs ^TfeiS^^^'T 0 0 nm^ (^>ix.(S. 
780nm) CDAlGaAs b --!f L D 1 

^:y6vSS/b5 6 0 Onm^ «?'Jx(i\ 6 5 Onm) 0A1 
Ga I nP^.4^^#:l/-if LD 2 ^*iS*;^550O 
nm« («^fj;ltf. 5 15nm) © Z n S e 

+f LD 3 sl^icg|nfctt^T»^^^b^tlTl^^„ 

nmG aA s^Rl tLXit. m^il. (1 0 0) 
itL^^t^i^O^P, (1 00) ffi56^?)0iJxU'5~ 1 5" 

[0 0 3 7] AlGaAs^.^#{t^b-1fLD 1 :}octl>" 
AlGaInP^^-«ftU--y^LD2(i^ l^lCD^JEff^ 
M ^ 7^ ^ mi ^ S i^E * W r $ o 

[0 0 3 8] ZnS el^*zif*U-Hf LB 3 tC*5l>T 
{i. nMGaAs«tSl±tC. n^G a A s .^x'^y 7 
41. Zn S ey^'•y 7Ta4 2. nMZnSSe/N' 
^:/7Ta43. nMZnMg S S e Kii4 4. n 

^ZnSSe:)i^««S4 6. «»i;t tt'Z n C d S e tIp $ 
^SQW^ig*:^c«MQW«B©?Sttll4 6. pMZn 
S S e7fe2SrSJi4 7. Z nM g S S e ^ Kli 4 
8. p^Z nS S e^-\-^;/yji4 9, pMZnSe:3> 
^5^^7^1(50. pMZnTe/ZnSeMQWIiS 1*5 
J:i>-p^ZnTe:3>^^ h®5 2 ^^jli^J^m^^ tlT l^ 
5o pS^Z nS S e^-v ^y7"S4 9cD±g|5s pMZnS 
en>^^Mi50, pMZ nT e/Z n S eMQWg 
5 1^D^J:Z>'p^ZnTe::j>^^hffl5 2(i-;^fp]tcS 

l^^o X h^^rff^tt^pMZnTe^V^^ M5 2 
*3*J:^lg^t»5 3±{3iipiajli'S5 4;??5. pSZnTe 

^•>3^^Mi52t7r-^^y^=r>:$'^h bTlSlt^tl 
TU^o pfOmUS 4 ^LTiis «fy^iiPd/P t/A 

[0 0 3 9 ] nSGaAs^£filcr>^®lC«i. ^ 1 

[0 0 4 0] AlGaAs^.^2»f$l^-^"L 
Dl©p«Sffil7, A 1 G a I nP^-t^»{*l/-— t^ L 
D2(Dpmmi^2 8:feJ:t>-Zn S e^^i29f*b-if LD 
3CDp«mfig5 4«. Ji-j^-^iy^-X 3 0±t3i:i^l3 

H 2 ^^J:z>'H 3±i::^n^tl^i^;^c^^(-t^nTl^2>o 
[0 0 4 1 ] ±iincDJ;9lc«fiK.$ni^c::co^2cD^SEff^ 

1 7i:nffiijmtl2 9h(Z)P^l::mffi$:?St-::i:tcJ;f3 Al 
GaAs^^^-^f$b-+f LD 1 * lESijI- ^ C ^ /^^T^ ^ . 

P«mffi2 8in«m«g2 9 tcomizmM^&i-ztiz 

J: f9 A 1 G a I n? -^-^'LD 2 i:m-^)t h Z 

t.t^x^. pffljmtis 4 hn«mfii2 9 tcomiz'^m.^ 



( 5 ) !imW 1 1 - 1 8 6 6 5 1 
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^Z.tt^X^^Xo\Ztji^XU:6o ^UT. AlGaA 
s^^s^mit-u-V-LD 1 <^ggfij-r^^i:tcJ; t}?^ft7 0 
0 nm^ (^'Jx.ii\ 7 8 0 nm) (DV-V^^t^^M^l^t 
Ztt^X^. A 1 G a I nP.^.*a»#b-1f LD 2 5:11 
ii/r^CiitcJE: !9»:S6 0 Onm^ (^J^ii\ 6 5 0n 
m) (DV-^'^tM^lhtZti^X^. ZnSe^^ig 
frU-1f LD 3 *:iEi!j-r^3i:iCct *9vS:15 0 Onm^ 
(m^ils 5 1 5 nm) (DV-^^^^Mb tii'r:ztt^x 
10 ^hJiviZtj:^X\.^ho A 1 G aAs#.^^{iU-+f L 
D 1 *|gijft-^^\ A IGa I nP^^3ei!*:b--if LD 
2:^iEii1-^^\ ZnSe^.^^aif^b^Hf LD3 4igii 

[0 0 4 2] ±iiE<7)ct9i::«;S^ti;tCl(3D»2(Z) 

'^mw^mxz^hmm^^mv^i^-^^mwcDmmismz-D 

x^xmmt^o 

• [0 0 4 3 ] S-f. HI OtC^x-r^^t^iC, nMGaAs 

20 XU^COWLKUJkX. nSGaAs>'^^y 7TJil 1. n 

SAl GaAs^"7^v 1 2s.r5ttll 1 3. pS^Al 
GaAs^-7^y Kgl a.As^^^:;rm 

CO 0 4 41 mz^ mXii^CVDmzX^ p^^GaAs 

-^/T"® 1 5 (D±m\zmX\t^ i 02 M^S i NM^cC 

>^^cj; \)m^^mzm'{j^^n^mo:>:^ vy-^ymmz 
[0 0 4 5 ] i^^ic. mi wzff^txoiz. mmms i^ 

boi^^^^V^iS^; ^9p3^GaAs:^^>y:r 
igl 5. pSAlGaAs^>^^;/Kjil 4. SttS 1 
3. niSAlGaAs^^'^:^ Kill 2^*J:T;fn^GaA 

[0 0 4 6 ] mz. mi zizff^t^oiz. mmms 
-^Ts^tLx. mntuocvB'Aizi.^^ ±i£ii®x^> 

^></icJ; OSteL^hnSGaA s*ffi 1 (39«ffi{Cn^ 
GaAs^N'>;^7TJB2K n 5^ A 1 G a I n P ^ ^ K 
• 112 2. ii'&BZ 3\ pS^AlGa I nP^^7 ¥m2 
40 4. pSyGaInP'f'r^g2 5i>J:r/pSGaAs^--\' 
'y7-)i2 6*SRJ5Eft^i^i)o 
[0 0 4 7 ] lfiliJM3 l*x>y^>^l.f^i Lfe 

0^iXiicvj)mzxy) pmG a.A s^-\^ yrmi 5 

^^cfclJ^-p^GaAs^i^'vyHS 6 0±tSicf3^Jx(i S i 
'iks :LOHmm^:^y^>^'lzX^W\^^\p\lzmrfhm 

^iU(D:Xh'y-( rmmZJi9-':^y 'Vt^o mz. Z.(D 

mmm^'^:^'7 1 lxpma iGaAs^^^'^ b-isi 4 

*5it>'p5yAl Ga I nP^^-y Kil 2 4 ©Jl^^ ;^5fq]CD 
561 i$(^©}^^^Tai-yf*>>/T^:ih(Cct HlSilTTx 
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-:^>^*t^tti>lZ. pSAl Ga InP^^^;/ 

16. 2 7 i:^^^n^GaAsJi3 2^!311R^ft^i±T 

[0 0 4 8 ] HI 4iCT^rc^:^tv p§^GaAs 

^■^^ymi^^ 2 6*5cfctfnMGaAsl3 2©:^® 
lC^J;t«S i02 M^S iN^^c£h-®*6^M3 3 4ffJ^ 

[0 0 4 9 ] «i3. lai 5{c^rJ;-5{c. acommms 

3^-7;:<^ tbX&UitR I E^® K^-Y 
></S-^^^'y h-x «;/5^>:i7'S^3 J: ^? n^GaAs®3 
2. pMAlGa KS2 4. rSttS 2 3 . 

nMA 1 G a I nP<^-7 h')i2 2 * J:t/nMG a A s 

[ 0 0 5 0] mi Gizffst^oi^. mnm'?'^ 
xtf^:^v'- (MBE) mz^y). m^itz 8 oxmrn 

s>'^'^y 7TH4 Ix nMZnS e>'N'^y7T)i4 2^ 

ZnSSe;^^yy'Tli43, n^^ZnMgSSe^^^y 
Kii44. nS^ZnSS e^m'^&Mi 5. r£t^S4 6. 
pmZnS Se^m'&m4 7 . pmZnMgSSe^^ 
•yKH4 8> pSZnS S e^^ 'yv^&4 9. pMZn 
S e:3>^/7 }.g5 Os p ^ Z n T e / Z n S e M Q W 
g5 l:fe^lfpM2 nTe::?>^^ hg5 2 ^Jg^jt^S 

[OOSny^ts U V<5^^7><-lC<t pSZnT 

§^ZnTe:3>^^Mi5 2 ±iipjT^:^[p]iCMt>'^Fir^ 

iz^ CCDl/ v;^ Vy^^-V^YTl^fcbTp^ZnS S 

ji'v^^yiiiCct b:ii->f^>^*-r^-^i-cfc 0^ p§yz 

nS S e+-^^)/r®4 9(^±gp. pM Z n S e > 
MiSO. pSZnTe/ZnSeMQWBS l^*ctt>' 
p§^ZnTe:3>^^M5 2 h ^mmz^^^^ 

[ 0 0 5 2 ] Z0)x,y^>^lzm^^tzU'y7..h^^ 

•y :S7 V >>7jjicJ: A 1 2 O3 )IM*±[5icffi;S L;tf^. 
lw^37~>^ ^(7:>±(c)?^j}]c^ tiT^^A 1 2 O3 

[0 0 5 3 ] $MyM3 3 ^x-v-f >y|i,$-i Lfc 
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'ik. mi^\znstxo\z. m\o:>%mMmhnm\z\^ 

T. U 7 h::t7ffilC J; 13. A 1 G a A s 1/ -rif 

LD i(r>9\uti i/p t/Aumi®©j;o^d^pfljmfii 

17. AlGaInP^4^2i{*:b-t^'LD 2(Z)^^'J^{iT 
i/P t /AumS® Jt9^^pfiJmffi2 8. ZnSe^ 
4^#j^^l/-1f LD 3 cD<^iJ;mP d/P t /Aumila)ct 
d^^^pffiflmSB 4^ff$^1-5p 
[ 0 0 5 4 ] HI Qtl^sTctoll^ pfiJUSl 

7 . 2 8 . 5 4(7)P^c7)gp^lr:jo{t^p§yZnTe:3>^ 
^M|52. pMZnTe/ZnSeMQWiiS K P 
MZnS en>^^ hJiS 0. pMZ n S S e ^^--^^ ^y 7" 
149. p^ZnMgSSe^^^y KW4 8. p^Zn 
S S 67^2*^^/14 7. rSttlf4 6. n^ZnSS eTfeai 
ifeii45. n^ZnMgS S e ^-^y K®4 4. n3?Z 
nS S e^t*y7riS4 3. n^Z n S e/t ^y 7 rif 4 2 
^5J:t/nMGaA s^N'^y 7TJi4 1 

[0 0 5 5 ] '^\Z^ n5yGaAsS^Rl(Da®lC#Jx.j^ 

^InK*ff$^T^C:^l-J^f}iiffiymei2 9*JB^T 

[0 0 5 6 ]<^ilc. ±iai©ci;^ic:LTl--1f«ii;?)^if^^S 
^nfc n^G a A s 1 ^>^'~ttiCflll LTi^itjg^ 

[0 0 5 7] CCD^2cr)*ffiff^«fCJ:5^«M*2Sl*'b 

-tf^gicictnti*. ^7feiS:1^^7 0 Onm^^AlGa 
30 As^^^j*ly~if LD 1 ^^3feii$:l:6^6 0 Onm^CT) 
Al Ga I nPS^»f*i^~1f LD 2 ):z%%'&^i^h 0 
0 nm^cDZnS e l^^^ft:lx-1f L D 3 ^^^l-^CI 
h.\z^y)^ D VDffiCDb-~tf7fch LT 6 0 0 nm^^ 5 
0 0 nm^^©-aM(7)ij5S®^cD^IX^3 h^b^T 
%h}z}L^\z^ z.V^h(:b\y-^^%}Lm^tL\zG^^^ij 

C D ^3 J: t>-M D (7) C N f^ticoS* S fcfifgtt * Rjf& i: 
4^? -2)0 ^^^><Z)Al GaAs^if^iiftlx-^ifLD. 

K AlGaInP^4^#f*b-^fLD2*>ctT>'ZnS 

e.^^a»f4^U-t»-"LD 3(is l5]-c7)n^GaAsStg 1 

[0 0 5 8 ] 12 2 OiiCc?j§glij3c?:)m3 (7)^»K?i(::ct5 
5(? [P059]I120 Iv^nI" J: o Ic. CcdM 3 £?3^j5fiffJ^ 
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^^ommi^os iCmR2±K. ^^^mt^i O on 

mm (mXi^. 7 8 0nm) A 1 G a A s 

-tfLDlh. ^^mmt^ e 0 0 nm^ (^Jxtt\ 6 5 
Onm) 0AlGaInPI^4^#{*:b-^t"LD2 Ig 
7tf^m7b^4 0 0 nm^ ({:?'Jxii\ 4 10nm)©GaN 

[0 0 6 0] Al.GaAs^4^2*f*b--tfLD l*3ctZ>' 
AlGaI.nP**«frl--1fLD2iis ^l^^O^SSJf^ 
^T* iiE-^ ?fe «^ * # -r ^ o 

[0 0 6 1] GaNIF>^*f*^l/—tf LD 4tC:feOT(i. 
S±C^m2±\z. GaNyx' -7^116 1. nMAlG 
aN>>^^7K®62s nMG Si NT^mmm 6 3. mz.it 
InGaN*^?)5^SMQWlS3iCDt5tia6 4. pSGa 
N^*7^«65. p^AlGaN^^^y KlS 6i5j:T5 
p^G aNziV^'^ Mi6 7^iIi?^«JI$tlTU^o p 
5yGaN::7>^^ h/fG 7 ±i::(i p{8ijl:|5i 6 8i^:t-^ 
>;/^:3 >^ ^ h UTIStt ^nTV>i>o pffl«ffi54hb 
Ttis -B^JX-SN i/Aumfil:^)smt^^n^o 

[0 0 6 2 ] s i c&^2cDmmiatnmmm2 9i^^ 

Tl^^o C0niPijm^^2 9 h LXit. mXilT i/A 1 

[0 0 6 3 ] Z(Dm^s A 1 G a A s^.^«ffl/-1f L 
Dl(Z)pffijm<117, A 1 G a I nPm¥«f*^V-^t"L 
D 2(Dp.mnm2 8*5ctT>'G aNS4^®f*U-tf LD 4 

2 J: T>' H 3 ± i C ^ tl tL ( i ^ ;^c: f ^ { t ^ tl T O ^ o 

[0 0 6 4] ±m(D xo icm}j&^ fitzzcDm 3 (Dmmm 
1 7tnmmm2 9 hcpp^tcmat*«s-rc:hi'j;!) ai 

GaA s^^^aSftb-if LD 1 ^%gmt ^ Z tt^X ^ . 

pmmm2 8tnmmm2 9 i:c7)F^i::mifL^?^-rc ttc 

J;t) A 1 Ga I n P^^»ffL/-if LD 2*|gi!?1--2>C 
^A^T^x pfijmse 8 i:n«mei2 9 hcOF^lcm^L* 

JjEI-C: ^ICJ: ^ G a^^.^mitl^-V'LD 4^mmt^ 
Ztt^-T:^ 6J:oiZt^^Zh^6o "^LXs AlGaAs 
^.^^mi^\y-^hJ) 1 ^mmt^ZtlzXb'^JkR7 0 0 
nm^ (mm. 7 8 Onm) (Z)U-+f7fe*3X*9 Hit- 
t-b^X^s AlGailnI>^^mi^l^~^'L'D2^%m- 
r^Z tlzJ:fjmM6 0 0nm'm mZiis 6 5 On 
m) cDU-^'^^M^lHitztt^-X:^. GaN^^«fr 
l/~if LD 4^gBii1-^Ch(Cct t){ftft4 0 0 nm^ 
m^^t. AlOnm) (Dl^—^'t^^m^&i-Ztt^r 
^^XvlZfji^Ti^^o A 1 G aAs^,^mitl^-^^L 
D 1 ^Igiil"^/^)^ A 1 G a I n P^.^l^ifft^b-^ L D 
2$:SEfflijr^A\ G aN^^KaSttxl/^-y^LD 4*ig»Jl: 
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[0 0 6 5 ] ±iE(Z)c}:^t::«J5E^ttfcCcD^3(5[> 

[0 0 6 6 ] ffs 112 Uz^v-TciloiC. SiCai^2 

S61, n^Al GaN^^^7 h'ge 2, nMGaNTfe 

««!i6 3. fSttge 4. pMGaN7t]a»t^/i6 5. p 
iyAlGaN^^^7K;B6 6*>J:l>"p5yGaNr7>^^ 
M6 7^:)li?^^ffiS^^^o C:iT% Ini^ts^mit 

I n^:$t^dilMigG aN/^^y :7Tji 6 1. n^A 
IGaN^^-y Kli 6 2s n^G aN7fe2(^$)i6 3. p 
MGaN7fc#«/i6 5. p^AlGaN<j7^^y Kii6 6 
*J^t5p§yGaN:3 M 6 7 0J5E:lSS{i 10 0 

0-Cg*i:1-^c> 

[0 0 6 7] ^^ijx.(i*c VDviic J: pi^G aNz/ 
hJge 7<:D:^S^c:i^iJ;tfi'S i O2 M^^S i NM^^ 
t^©«JtM3 l^ff^^bfc^s Cc7)SfeliM3 1^0175^ 

[0 0 6 8] ^^:(^. m2 2 o t::. lfe^fiS3 1^ 

VT;^. ^ LT^J;t{i'R 1 X o U Y ^ -J ^ > ^' 

!D pMGaN=r>^^ Mi6 7. p^AlGaN 
^^^>'Kg6 6. p§^GaN7k«?^/i6 5. rSil/ie 
4. nMGaN7ta»JS)B6 .3v A 1 G a N ^ ^ K 
/■6 2*5J;t>'nMGaNyN'^y 7TJi6 1 *Jli<J^3i >y ^ > 

[0 0 6 9] 112 3iz^^tXoiz. mmm3 1^ 

^>^lc:c}; ':)Si±ibfcS i CS|fi2cDa®tnMGaA 
s^^yy rmil. n^A 1 Ga As ^y Kii 1 2. 
rSttJil3. p^SAl GaAs^^^y b'Ji 1 4:}Dctti^p 
gyGaAs:^^^yrH 1 5 ^jlW^S$i^?)o 
[0 0 7 0] mmm3 l 4:r:^y^>^|J^^U7^^ 

a. 112 4ic?NrJ:5ic^ mx^icwB^izjiy) pMG 

aAs:3r-v^y7'ai5:JoJ:Z>'pMGaNzi>^?^hJi6 

7®±lii::f^jx«S i O2 M-^S iNM^^ ^'t7)jiigefli3 
34Jf^^L. Z(7)mUm3 3^:^yf-y^lZX^pji^:^ 

40 mzmxf^m^^B(D7. v ^ yw:>mzn9 -:^y'ft 
[0 0 7 1 ] mz^ m2 bizTTstxoiz. z(D^mm.3 

3i^7.^tLr pmGa,l^z]>^ ^ hme 7. pMG 
aN7fe«J^16 6. rStiii6 5. n^SG a NTt^J^cl 6 
4.' n^AlGaN^^-y F16 3*?J:t>'nMGaN>'< 
'y7TJi6 2?:li^j^Ji-y5'->yp.^*^i)c 

[ 0 0 7 2 ] mz. m2 eizfjxtxoiz. mmm3 

^>//(Cj: ^)E*L/iS i cmR2(DmmiZn'MGaA 
50 s/<'y7T/i2K nMA 1 Ga I nP^^-^ .y 2 
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2. at4ii2 3. pS^AI Ga I nP:^^ Kii2 4. 
P^Ga InP^iP^az 5^oJ:t>'pSGaAs^^^y7- 

[ 0 0 7 3 ] mmms s^j^^yf-vyp^su^t 

5. p?gGaAs^-wrS2 6:fc<tt>"p5yGaN3> 

Al Ga A s 1 4iJctt>'pSA 1 Ga I nP 

t^Ztlz^^. m2 7 lZn<tXolz. pMAlGaA 
s^^-j KMl 4©±gPiD^Ifp§^GaAs=^-^^y 

g^Al Ga I nP^-^^v K12 4CD±g|5v pSGaIn 

P4'r^B2 5*DJ:^>MGaAs:^-t' r;i2 6 h 

;<^^LT. Z(D7.V^^ y^(Dmm(D^6^lZs 
tCnMGaAsm«»??g 1 6, 27^^ce5nSGaA 2^ 

s»3 2 4:ilJK^M^i±TilA^iAt?o . 
[ 0 0 7 4 ] |.gSM3 3 ^Ji>7^>yp,1^^b;t 

fi. 13 2 8il^N-rJ^9i^v m lCD^«^^h^ltiCL 
T. U 7 AlGaAsl^**f*V-if 

LD 1 (Dmti£T i / p -i/Aumm(o J: ^ u pmmm 

17. Al Ga I nP3^4^a»f*V— !f LD 2(Dmx.i^T: 

i/p±/Aumm(DJ:6tiipmmm2s^ GaN^^ 
[ 0 0 7 5 ] mz. m2 9iz^^-rJ:oiz. pmmmi so 

7. 2 8cOF^©gi5^i^j:T>'p§imS2 8 iipMGaN^ 
h/i6 7 i:©F^69g|J^tC:fcNt^nMGaAs/i3 
2. p^AlGa InP^^^y h'H2 4. JS14!i2 3. 
nMAlGal nP^^^y Ym2 2^XVfT\^Qa,As 

[ 0 0 7 6 ] s±c&m2o:>mmzmxuM'^m 

U V^^SlCck t)^J;l«T i/A IK^ff^ 

|j£T5 C J; ^) nfijmS 2 9 *ffilS1-^o 
|:0 0 7 7 ]?^i^. ±iincDJ;diCLTb-i^'«ii;?)^JT^^ 
^tlfeS i CSIfi2^:yN'-ttlcf||||LT[3DitMf|yS[S^: 4(7 
ff^)7£L. ^^\z:Lfih(0V<Wi^mm\z^mz2-v-^y^ 

'^mi.fz'ik. z.(D^^-^m%Lx^^yr{t-t^. :z(d 
[0 0 7 8 ] z(Dm3o:)mmw^miz^:i>mmm'^mitu 

-if^HLcttitfs m7mB^^7 OOnmmcDAlGa. 

As'^.-f^mitl^-V-'L.T) 1 tm^'^mt^B 0 Onm?}^® 
A 1 G a I nP^.-t^^f*b--tf LD 2 h^5l^7ti^xfi:0M 0 
0 nm^p(^)GaN^+-#f#b-if LP 4 fc?:rgTi)wt 
IzXi). DVDmou-V-iktLXi&me 0 Onm^t 50 
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0 Onm^ha:i-M^®r^:l©t)CD^UX^)tti-rc: 
T. CCD»WM4^«ft^b-^"^tt*D VDgg^D^^t: 

-j^Tyr\zy-^itut\^x^mrhzh\zx^. d 

VD. CD^^J:U^MD<Dl^t'tlCDS^t)t^isafi^b 
^:&^c L*^^. dtl^jCDA 1 Ga A s ,^*^ftlx--1f 
LDK A 1 G a I nPm^2ift-b"^f LD 2io J:t5G 
aN^s^aSf^^l^"- +f LD 4(^. Pl-CDS i Caffi2±{C 
tifc*a»f*/i J; D U -i^Mii >6^^ff5^^ tlx >g) 

E!^c:^:6^T§v LfcTb^oTD VD«M(3D/jNMfb«:ia^ 

to 0 7 9 ] 0 3 o\-^:zo:)%momA(D'^mmm\z^^ 

^iiL0mm\^(D S i C^IS 2 ±IC. ^T^iSSTb^ 6 0 0 n 
m:^ m^l>t. 6 5 0 nm) CD A 1 G a I n P 

U-if LD 2 i:. ^7feiS:M^5 0 Onm^ (^'J^(i\ 5 
15nm) ©ZnS e^^«ftl/-if' LD 3 
:S^4 0 Onm^ imnt. 410nm) t^GaN^^ 

a»fru-if LP 4 ^5b^ m^iz^m{.rz^mxmmit^ 

[ 0 0 8 1 ] AlGaInP.¥.^*f*:b-ifLD2(i^ 

m5£4:WL. GaN^^3gf*l.-1fLD4ti^3(D*Sfg 

[0 0 8 2 ] Z.O:)m^. AlGOilnF^.^miiy-^^ 
LD 2®pfJjm^2 8. ZnSel^4^^^#:b— ifLD3 
cDpfljmaS 4^^J:t/GaN^42*ftl^-1f LD 4©p 

tjmiie 8ii. ^-v^--;?. 3 o±i3i:oiim^fi^ 
i,z^M^Ltzixmxmi,i^ ^ntzK- hyy^.m. n2i^ 

[0 0 8 3 ] _hai(Dcl;9lzli^^tifcC:©S4(^*SEff5 

2 8 ^nlS!lffl:|g2 9 ^ 6DF^iCffiTl:^r;ft-r C t i::cJ: A 1 
Ga InF^^mi^y-V'LJ) 2 ^mmt^zti^x 
pfflmiSS 4 i:n«mfii2 9 i:cDPat3«??L*?)£-rc 

tizx^zns e^^^mity -^"LD 3 ^mmt ^ z t 
^^x^s pmmme stnmmmz 9 t^mizmm^^M 
tztiz^^Ga.Y^m^mitv-v'L'D A^mmthz 

^A5T'§S<feolC^oTOi)o ^ LT. AlGalnP 
^.^mitl^-.V-'LB2 ^mMt^ZtizJ:^mM6 0 0 

nm^ (W^i^. 6 5 Onm) 0) V -V'^^Mt) Itit Z 

tt^x^. zns e^.^mitv-v'L'D 3 ^m'mt^z 

h(CJ;t)iSft5 0 OnmH? 5 1 5 nm) (Ob 
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4 1 0 nm) (DU—^'^^m^lhTZti^t:^^Xolz 
*oTl^i)o A 1 G a I n P tf L D 2 4:Sg 

Wjthiy^. ZnS e^.^mit\y--VLD 3 ^%mt^ 

[0 0 8 4 ] mz. ±mo:)Xol:imfA^titz:i(Dm4(D 

[0085 1 **r. 031 IC^s-riolC. s i cmR2 

1161. nSyAlGaN^^^y KJ16 2. nMOaNTfe 
«iSM6 3. fSf4ii6 4. p a N7i:2»iS® 6 5 . p 
MA 1 GaN^^ Fii 6 6 ctZ^'p^ G a N:3 > ^ 

I n^:^^^cel^nMGaN;^'^y 7rji6 Is n^A 
IGaN^^^y Fii6 2. nMG a N3t;2*^S« 6 3 , p 
MGaN*:2i»)16 5. p M A 1 G a N ^ ^ b' S 6 6 
^Dj;t5p5^GaN=i>^7^h«6 7(Z)J5e*fiS{i 1 0 0 

[ 0 0 8 6 ] ms 1 Kmt^dlz^ ^iJxii'CVD 

!9 pMG aN3>^^ h ® 6 7 (D:^Sl::^J^« S 

[0 0 8 71 la 3 2 *g*tM 3 1 ^ 

?il::J: 19 pMG aNzi>^ ^ bg 6 7. p^AlGaN 
^^^y Hue 6. pMGaN7t#5S)i6 5. rSttll 6 
4. nMGaNTfeiiJSflie 3. n^AlGaN^^^vK 
16 2^5J:T5n^GaN>'^'^>7rli6 1 4Jliy::ii^y^> 

[ 0 0 8 8] ^tC. 113 3iC/7^-rct9tCs *fifiJJi3 1 ^ 

^>yicJ; >3S[±ib;feS i C*IS 2 comSC n^G a A 
s>'N'>y 7Tji2 U n^A 1 G a I nP ^7 Kii 2 
2. St4li2 3. p§^AlGaInP^^^yK!124. 
pl^Ga lnV^mm2 ^ i^XXf^mO aiAs^^ 

12 6 43itf^;SS^-y:ao 

[0 0 8 9 ] mz. mm^ i^X'v^>^p^£Lfe 

f^. Mx/i:CVD^iicJ:^9pMGaAs:^V'y7'®2 6 
:loJ:(>'p3:^GaN:3>:$7^7|.H6 7 0±[S(Cf?'Jx.(i S i 

0 2 m^'ps imm^^omiMA m^-^-r) 

:i © Jfi ISM $ X -y 5^ > ^ J; m fpl IC ® t>' 5 Pff 

c?:):::^ b ^ 7°jf^«ic^^^-- > mz. :i(D*fi$f 

vx^.^ LT p^L^A 1 G a I n P ^ v -y K/f 2 4 0 
)1 ^ ;j fi^ CO rl:- (7:) ^ t T' X 'y -T- > 1 -. ^ c t « V J; . 

13 3 4\Z7fst^^iz^ p^AlGaInP^^-ybli2 
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4cD±g&. p3^Ga I nPi4:'F|ji2 5±>J:tJ^'pSGaA 
s*^>y7"12 6^::^ V ^ rm^lZ)"^^ -^^y 

5o mz. z.oymm^B:^^'?.^ t^^T. zoT.v^^-^y 
no^mmu^iz. mm'^\znmo3.Asnm%mm2 

7h?^cf^nMGaAsM32 ^m^J^i^^ -^xmmh 

[0 0 9 0] E13 b\zn^t^o\z. mx\iCVT) 

rSi^lJ; b pS^GaAs^i-^y7°a2 6. nS^lGaAsjl 
3 2^^J:t>'p^GaN::^>^^ bJie 7 C0±mizmXlt 

10 Si 02 M-^s i]^mti:}^_(Dmmm3 s^rjfs^btf^. 

C 3 3 5: X ^y 5^ > ^ I- J: !9 ^S;? [p] Str 5 Rif 
^ to b V r J « y 1 ^ - - > ^ ^ o 
[0 0 9 1 ] mz. ms 6 l::^^'rJ:^ t^. MgM3 3 4 
v^^t L/TnMG aAs/i3 2> pl^AlGalnP 
^^^ybl2 4> ^1412 3. n^A 1 G a I n P ^ 
-y b'S 2 2*5ctt>-nMGaAs>^^^y7T)i2 1 *)li*x 

[0 0 9 2 ] mz. ms 7 IZTf.tXolZ. m^i^MBE 

mz^Li;). i^i^(^2 8 o-csjg^^MSjgT. mmms 

iCS^fi2(Z)S®l::n§yGaAs^N'^y 77^jB4 Is nM 
ZnSe/N'^y7TjB4 2s Z n S S e ^n' ^y 7 t^B 4 
3s n^^Z nM g S S e ^ ^ ^y bS 4 4 s nSHZnSS 
e7fe«v*®4 5s rSttl4 6s P^ZnS Se3fe*«M 
47s pMZnMgSSe^^'y bll4 8s p 3^ Z n S 
Se^-v^y7*'Ji49s p^ZnSe3>^^M150s 
p^ZnTe/ZnSeMQWii.5 l^XnpmZni: 
e::3>57^ bis 2 ^^KsK^^-y-^o 
[0 0 9 3 ]?*lCs U vy-5'7^ -iCct Ds pS^ZnT 
30 eZMy ^ ^ 2\^X^(Dn^(DmM^m^^. iy^-^. P 

MZnTe:q>^^b«5 2 ±icFjr^^ fR]tCM(J^§m^ 

> da^N-y-f) ^jimt^a mz. mssizTj^'t^o 

fcs ::tOl/ v7 b^^^-V^TX^h bTpSZ nS s 
e^-^^y7"ii4 9 (Z)jJ^:Siq)®3i4J(D?Sg$ b 
X'y5">ySCJ:?)x>y^>^-r€):ii;lcJ;»}s pSZ 
nSS e:^^'y7"S4 9(D±a5s pmZnS eZ2>9 ^ 
bH50s p5^Z nT e/ZnS eMQWIi 5 1 :fcJ:T/ 
p§yZnTe=i>:^^b)15 2 © b v -Y 7°ffJtt iC M ^ 

[0 0 9 4 ] mz. C:(7)x«y^>y^cffll^;t b v;^ b 

•y^ u y^'mizj: ^Ai2 03 Mii^miznmLtz'ik. 

V ^^9-y^^(D±\zi[i\SL-^fitzA I2 O3 Hi: 
ttlzm^t^. ^tliCcfcoTs :^ b7^7-a5cDii^1l«(0 
U^lzmm 5 3 ^5ii&!)3iVn^o 
[ 0 0 9 5 ] 3 3 <y > //p;?^^ L 

ms d izfixtx oiz. mi ommw^mtmmiz l 

X. U 7 h:t7i£icj; Ds AlGal nP^^--i^f*b- 
50 Ht'LD 2(>pf^U(i'T i/P t /AumUfOct^J'cC pflm 
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t?12 8. ZnS e^.^ai{tl/--tf LD 3 (7)<^U{^ P d/ 
/P t /AuS1l0J;^5^^pfijmisS5 4. GaN^.^ag 
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